SPECIFICATION 



Electronic Version 1.2:8 
Stylesheet Version 1.0 

METHOD OF SPRAY JOINING 

ARTICLES 

Background of Invention 

[0001 ] 1 . Field of the Invention 

[0002] In at least one aspect, the invention relates in general to articles joined together 

by spray forming and, more particularly, to articles produced by spray joining together 
one or more smaller spray formed articles. 

[0003] 2. Background Art 

[0004] It is well known to make spray formed articles such as relatively small spray 

formed tools and dies. In a typical spray forming process, a metallic material, such as 
steel, is sprayed onto a pattern, typically made of ceramic, and allowed to cool to form 
a desired article. These articles typically have length and width dimensions ranging 
between about 1 millimeter by 1 millimeter to about 1 meter by 1 meter. 

[0005] Because of various spatial and processing limitations, mainly dealing with 

maintaining the spray forming temperature at a certain level, it has been somewhat 
impractical to produce spray formed articles larger than about one meter by one 
meter. As such, there are many types of steel articles that because of their shape or 
size are not able to be formed by conventional spray forming processes. For instance, 
one-piece molding shells and stamping tools for large parts, such as automobile 
hoods, have not been successfully formed using conventional spray forming 
techniques because of the inherent limitations in current spray forming techniques. 

[0006] Additionally, there are instances where it is desirable to join a spray formed 

article, of a specific type of metal, with a second article of a different type of metal. 
For instance, there are several instances where it is desirable to have a screw, or other 
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fastening rod, secured to a spray formed article. One particular example Is with a lay- 
up tool or one-sided tool which requires a back support structure attached to the 
spray formed face. Presently, acceptable bonds between articles of dissimilar 
materials are not able to be obtained via welding or other conventional metal joining 
techniques. 

[0007] Accordingly, it would be desirable to provide a process for manufacturing articles 
of the shapes and/or sizes and/or constitutions discussed above via conventional 
spray forming processes. 

Summary of Invention 

[0008] In at least one embodiment, the present invention takes the form of a method of 
spray forming together at least two or more articles. The method comprises providing 
a first spray formed article and locating a second article adjacent the first article. The 
method further comprises spraying metallic particles onto the articles and allowing 
the sprayed metal particles to form a metal deposit connecting the first article with 
the second article. 

Brief Description of Drawings 

[0009] The invention will now be described in greater detail in the following way of 
example only and with reference to the attached drawings, in which: 

[0010] Figures 1-4 are schematic diagrams illustrating an embodiment of the present 
invention; 

[001 1 ] Figure 5 is a schematic diagram illustrating another embodiment of the present 
invention; 

[001 2] Figure 6 is a schematic diagram illustrating another embodiment of the present 
invention; 

[001 3] Figure 7-8 are schematic diagrams illustrating another embodiment of the present 
invention; 

[001 4] Figure 9 is a schematic diagram illustrating another embodiment of the present 
invention; 
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[001 5] Figure 1 0 is a schematic diagram illustrating another embodiment of the present 
invention; and 

[001 6] Figures 1 1 and 1 2 are schematic diagrams illustrating another embodiment of the 
present invention. 

Detailed Description 

[001 7] As required, detailed embodiments of the present invention are disclosed herein. 

However, it is to be understood that the disclosed embodiments are merely exemplary 
of the invention that may be embodied in various and alternative forms. The figures 
are not necessarily to scale, some features may be exaggerated or minimized to show 
details of particular components. Therefore, specific structural and functional details 
disclosed herein are not to be interpreted as limiting, but merely as a representative 
basis for the claims and/or as a representative basis for teaching one skilled in the art 
to variously employ the present invention. 

[001 8] As shown schematically in Figures 1 -4, the present invention relates to a process 
of spray forming, and thus joining, a first spray formed article 1 2 with a second article 
1 4 to form a composite spray formed article 1 0. The process of this invention 
generally comprises four basic steps: (a) providing a first spray formed article 1 2; (b) 
locating a second article 14 adjacent the first article 1 2; (c) spraying metal particles 1 8 
onto the articles 1 2 and 14; and (d) allowing the sprayed metallic particles to form a 
metal deposit 20 extending between and connecting the first and second articles. The 
method forms a composite article 1 0 comprising the first and second articles 1 2 and 
14 joined together by the spray formed metal deposit 20. 

[001 9] The first article 1 2 comprises a spray formed article. The second article 1 4 can 

preferably be made of any type of metallic material and in accordance with a suitable 
type of fabrication method, however, is preferably also a spray formed article. By 
"spray formed", it is meant an article that is formed by spraying particles, and 
preferably metallic particles, at a spray forming pattern. Any suitable spray forming 
technique can be used to form the first article 1 2 and if desired, the second article 1 4. 
Examples of suitable spray forming techniques include those disclosed in U.S. Patent 
Nos. 6,276,431, 5,967,218, and 5,658,506. 
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[0020] As shown schematically in Figure 2, a pre-processed assembly 8 is provided 

comprising the first article 1 2 and the second article 1 4. The articles 1 2 and 1 4 are 
located on a support, such as a table 6, proximate to each other. The table 6 has a 
cavity 4 to allow spray to pass through and avoid back pressure from the spray. 
Alternatively, two spaced-apart tables could be used instead of table 6. As shown in 
some of the Figures, the articles 1 2 and 1 4 could be spaced apart so that a distinct 
gap 1 6 is present between the first and second articles. It should be noted that, if 
present, the gap 1 6 can be any size, but is preferably about 0.001 -5 mm and, more 
preferably, about 0.1-4 mm. The articles 1 2 and 1 4 could alternatively be touching at 
one or more locations. 

[0021] One or more spray guns 34, shown schematically in the Figures, is preferably 

utilized to spray the particles 1 8 onto the first and second articles 1 2 and 1 4 and, if 
present, into the gap 1 6. The spraying material utilized for the spray gun(s) 34 is 
often times dependent upon the material that the articles 1 2 and 1 4 are made of. In 
many instances, the articles 1 2 and 1 4 are spray formed articles and are being joined 
to form a relatively large tooling shell or die. In these instances, both of the articles 1 2 
and 14 are preferably spray formed of a metal, such as carbon steel, and thus the 
spraying material utilized to form the deposit 20 is preferably carbon steel. It should 
be readily understood that other materials such as, zinc, aluminum and alloys could 
also be used in place of the steel. 

[0022] While any suitable spray forming gun could be employed, one suitable example of 
a spray forming gun is an oxy-acetylene flame type thermal spray gun in which a wire 
or powder metal is fed there into. Cold spraying guns could be used in place of 
thermal spray guns to spray metallic particles onto the articles 1 2 and 1 4 and into the 
gap 1 6. 

[0023] Also, a single or two wire arc, thermal spraying gun(s) could be used. In a two- 
wire arc thermal spray gun, an electric arc is generated in a zone between two 
consumable wire electrodes. As the electrodes melt, the arc is maintained by 
continuously feeding the electrodes into the arc zone. The metal at the electrode tips 
is atomized by a blast of generally cold compressed gas. The atomized metal is then 
propelled by the gas jet towards the pre-processed assembly 8. 
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[0024] In a single wire arc apparatus, a single wire is fed either through the central axis 
of the torch or is fed at an acute angle into a plasma stream that is generated 
internally within the torch. The single wire acts as a consumable electrode that is fed 
into the arc chamber. The arc is established between the cathode of the plasma torch 
and the single wire as an anode, thereby melting the tip of the wire. Gas is fed into the 
arc chamber, coaxially to the cathode, where it is expanded by the electric arc to 
cause a highly heated gas stream (carrying metal droplets from the electrode tip) to 
flow through the nozzle. A further higher temperature gas flow may be used to 
shroud or surround the spray of molten metal so that droplets are subjected to further 
atomization and acceleration. 

[0025] Yet still other wire arc torch guns may be utilized that use a transferred-arc 

plasma whereby an initial arc is struck between a cathode and a nozzle surrounding 
the cathode. The plasma created from such arc is transferred to a secondary anode 
(outside the gun nozzle) in the form of a single or double wire feedstock causing 
melting of the tip of such wire feedstock. 

[0026] The spraying is continued so that repeated passes of the spray material will 

deposit a bulk deposit 20, as best shown in Figure 3, that will essentially fill any gap 
1 6 that existed between the articles 1 2 and 1 4 and connect the first and second 
articles 12 and 14 to each other. Preferably, after spraying, the deposit 20 extends at 
least above the adjacent upper surface portions 24 of the articles 12 and 14. 

[0027] 

In one embodiment, as shown schematically in Figure 5, masking devices 30 are 
provided on the articles 1 2 and 14 to cover and prevent excessive over spraying from 
accumulating on the adjacent upper surface portions 24 of the articles 12 and 14 
during spraying. While the masking devices 30 could embody many different designs, 
the masking devices 30 are preferably made of metal, or other high heat resistant 
material, such as ceramics and high heat tape, and are preferably configured as shown 
in Figure 5. Preferably, the masking devices 30 are somewhat "L" shaped and have a 
first leg portion 32, extending essentially perpendicularly away from the upper surface 
24 of the articles 12 and 14, and a second leg portion 36 extending essentially 
coplanar with surfaces 24 away from first leg portion 32 and towards the other leg 
portion 36. The masking devices 30 each have end surfaces 38 facing each other that 
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help to define a gap 42. Gap 42 is between gun 34 and the articles 1 2 and 1 4 and is 
^ positioned to direct the particles 1 8 to the specific area(s) in need of spraying, i.e., the 
area to be filled with deposit 20 to connect articles 1 2 and 1 4, thereby preventing 
unnecessary over-spraying. The masking devices 30 are preferably secured to the 
articles 1 2 and 1 4 by clamps and/or some other type of securing means such as 
screw, glue, etc. 

[0028] During spraying, the temperature of the articles 1 2 and 1 4 are preferably 

monitored to maintain a desired temperature to avoid overheating and warping of the 
article 1 2 and 1 4. The desired temperature will vary depending upon the materials 
being used, but is typically between 20 ° C-400 ° C. The deposited material, by way of 
the heat received from the spraying operation, remains at a temperature which is 
sufficient to inhibit the formation of internal stresses in the deposited material. 

[0029] After the spraying step, if necessary, the deposited bulk material 20 and the 

articles 1 2 and 14 are allowed to cool, preferably by air, to room temperature. After 
spraying, the masking devices 30, if used, are removed and the deposit 20 (Figure 3), 
which at this time preferably extends above the adjacent upper surfaces 24 of the 
articles 1 2 and 1 4, is ground flush, with the adjacent upper surface of the articles 1 2 
and 1 4 as shown in Figure 4, via any suitable grinding device 40. After grinding, the 
upper surface of the deposit 20 is preferably smoothed so that the resulting 
composite article 1 0 can be ready for use as a tool, a mold component, or other 
device. Depending on the desired end product, the composite article 10 could have 
other articles joined thereto in a similar fashion to that described above. For instance, 
several articles cold be joined together to form a large stamping tool. It should be 
readily understood that the methods of the present invention could produce 
composite article for many various applications. 

[0030] 

In one embodiment, as shown schematically in Figure 6, the articles 1 2 and 14 
could have surfaces 52 and 54 respectively, that contact each other. Surfaces 52 and 
54 are preferably coplanar and extend in a plane that is perpendicular to the plane in 
which upper surfaces 24 extend. The first article 1 2 has an intermediate surface 56 
that extends between surface 24 and 52. The second article 14 has an intermediate 
surface 58 that extends between upper surface 24 of article 14 and end surface 54. 
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Intermediate surfaces 56 and 58 preferably extend at an angle relative to upper 
surface 24. Preferably, intermediate surfaces 56 and 58 extend at an angle of 
preferably between about 5-60 degrees, more preferably about 10-25 degrees, and 
most preferably between 10-1 5 degrees, relative to upper surface 24. 

[0031] The surfaces 56 and 58 are preferably milled, or otherwise formed. For instance, 
the surfaces 56 and 58 can be formed (i.e., via the pattern design) when the articles 
are being sprayed and are configured such that when the end surfaces 52 and 54 of 
the articles 12 and 14, respectfully, are contacting each other, a gap 60 having a 
somewhat triangular cross-section is formed between articles 1 2 and 14. The gap 60 
provides an optimal shaped receptor for receiving the sprayed particles 1 8 due to the 
nature of the spray forming process. This configuration provides increased surface 
area which enhances spray adhesion thereby generating a stronger joint. Preferably, 
the width of the gap 60, i.e., the distance between the adjacent ends of the upper 
surfaces 24, is typically about one and a half to three times, and more preferably twice 
the thickness (i.e., vertical height) of the thicker of the articles 1 2 and 1 4, provided 
that each of the articles have roughly similar thicknesses. 

[0032] In one embodiment, as shown schematically in Figure 7, the composite article 10 
could include a back plate 60 or other reinforcement component, preferably provided 
on the underside of the first and second articles 1 2 and 1 4, beneath the deposit 20. 
The back plate 40 can be made of the same material as one or both of the first and 
second articles 1 2 and 1 4, or could be made of some other material. Examples of 
suitable materials include, but are not limited to, steel and tool steel. The back plate 
60 or reinforcing material, can be secured to the articles 1 2 and 1 4 either during the 
step of forming the deposit 20, or after the step of forming the deposit 20. 

[0033] 

One example of securing a reinforcing material is shown schematically in Figure 8. 
The back plate 60 sits below the articles 1 2 and 1 4, underneath the gap 1 6, as best 
shown in Figure 8, prior to and during the spraying step. The lower adjacent surfaces 
26 of the articles 1 2 and 1 4 rest on portions of the back plate 60. To keep the articles 
12 and 14 aligned, i.e., in a planar relationship, support members 64 are preferably 
positioned below articles 1 2 and 1 4. After the spraying step and any necessary 
grinding or finishing steps, is performed, the deposit 20 extends between and 
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connects articles 1 2 and 14 to each other as well as to the back plate 60. 

[0034] To reinforce the bond between the composite article 1 0 and the back plate 60, the 
article 1 0 can be turned upside down so that the plate 60 is above the deposit 20 and 
additional deposits 68 can be spray formed to extend between and connect back plate 
60 and articles 1 2 and 1 4. It should be readily appreciated that the back plate 60 
could be secured to composite article 10 after the deposit 20 is formed by employing 
the method depicted in Figure 9 and described above, and without employing the 
method depicted in Figure 8. 

[003 5] In one embodiment, as schematically shown in plan view in Figure 1 0, the articles 
12 and 14 could have edges 70 that are shaped to provide improved bond strength 
between the articles 1 2 and 1 4. For instance, as shown in Figure 1 0, the edges 70 are 
sinusoidal and in a complimentary relationship to provide better alignment and 
increased strength in the joined articles. Alternatively, the edges 70 could have 
chamfers, other types of grooves, or dovetails to aid in reinforcing the joint and 
locating the articles. The edges 70 are preferably milled or otherwise formed when 
forming/spraying the articles 12 and 14. 

[0036] Figures 1 1 and 1 2 illustrate one example of using the technique of the present 
invention to form a composite article 1 0a comprising a first spray formed article 1 2 
and a second non-spray formed article 80. While being shown in Figures 11 and 1 2 to 
be a pre-cast fastener, the second articles so can be any type of article, such as 
rebarb, bolts, pins, weld studs, etc., and can be made by any suitable techniques, 
such as machining bar stock, casting, etc. Prior to spraying the second article 80 can 
be placed directly on the first article 1 2, as shown in Figure 1 1 , or could be spaced 
some distance from the first article. The second article 80 can be glued, or otherwise 
held, such as via tack welding, clamped, brazed, onto the first article 1 2. Particles 1 8 
are then sprayed at the intersection, or gap between the articles 1 2 and 80 as the case 
may be, to form one or more deposits 82 that extend between and connect the 
articles 1 2 and 80. 

0037] In an alternative embodiment, the second article 80 could be placed onto the first 
article 1 2 after some of the spraying has commenced and can be held in place by like 
methods to those discussed above and/or by the hardening of the previously sprayed 
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material on the first article 12. 

[0038] In yet another embodiment, the second article 80 could be spaced a distance from 
the first article 1 2. 

[0039] It should be readily understood that the composite article 1 Oa made in accordance 
with the embodiments illustrated in Figures 1 1 and 12 could have many various 
applications. One non-limited example is a lay-up tool mold. 

[0040] It should also be readily understood that prior to spraying, the articles could be 
coated with a suitable adhesion promoter, or otherwise prepped, such as grit blasted 
to roughen the surfaces of the articles, to improve the overall quality of the sprayed 
joint, by improving the adhesion of the deposit 20 to the articles. 

[0041] While the best modes for carrying out the invention have been described in detail, 
those familiar with the art to which this invention relates will recognize various 
alternative designs and embodiments for practicing the invention as defined by the 
following claims. 
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